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A MECHANICAL MODEL OF SINGLE CELL MIGRATION ON A 
VISCOELASTIC SUBSTRATE 
Introduction 
Cell migration is an important process for 
tissue development and regeneration. In order 
to migrate, cells adhere to the extracellular 
matrix (ECM) by binding of integrins to 
extracellular ligands and apply protrusive 
(lamellipodium) and contractile (stress fibers) 
forces to the ECM. Integrin-mediated 
adhesions serve as mechanotransducers that 
convert mechanical forces into biological 
signals that regulate adhesion stability and 
cytoskeleton remodelling, making it a complex 
mechanobiological process. Therefore, a 
correct implementation of cell and ECM 
mechanics as well as the mechanical cell-ECM 
coupling is important in computational 
modelling of single cell migration.        
 
Methods 
A computational model of single cell 
migration on a viscoelastic substrate has been 
developed. As a cell model, an earlier model 
developed for passive cell spreading has been 
used [Odenthal, 2013]. This particle-based 
model captures the physics (viscoelasticity and 
bending rigidity) of the actin cortex and 
contact (elastic repulsive and adhesional) and 
frictional forces with the environment. 
Protrusive forces are applied to the front of the 
cell (representing lamellipodial forces) as a 
first step towards an active migrating cell.  
The substrate has been modelled with non-
inertial smoothed particle hydrodynamics 
(NSPH), a mesh-free numerical method that 
describes the substrate as a collection of points 
that contain physical properties as mass, 
density, velocity and pressure [Van 
Liedekerke, 2013]. By discrete convolution 
with a smoothing kernel, this method allows to 
implement continuum mechanics in a discrete 
manner. In this way, cell migration through a 
viscoelastic substrate can be modelled without 
the need for time consuming remeshing.          
Results 
Simulations have been performed of single cell 
migration on a flat viscoelastic substrate. The 
effects of substrate elasticity and viscosity, 
cell-substrate adhesion and protrusive force 
magnitude on cell migration speed and 
substrate deformation have been investigated. 
Orders of magnitude of substrate stresses and 
deformations (Figure 1) agree with our traction 
force microscopy data for endothelial cell 
migration on polyacrylamide gels.  
Discussion 
By using a mechanical description for both cell 
and ECM in computational modelling of single 
cell migration, a mechanical validation through 
comparison with traction force microscopy is 
possible. This allows getting a better 
understanding of the mechanical processes 
underlying cell migration.  
 
 
Figure 1: Von Mises stress (top) and substrate 
deformation (bottom) during cell migration 
simulation.  
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